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This Appeal Brief is submitted in the above-identified application in response to the 
Final Office Action mailed December 20, 2006. Appellant's Notice of Appeal was filed on 
April 18, 2007. Accordingly, Appellant's Appeal Brief is timely filed, with no extensions of 
time. 

I. REAL PARTY IN INTEREST 

The real party in interest is Goodrich Corporation, 4 Coliseum Centre, 2730 West 
Tyvola Road, Charlotte, North Carolina 28217-4578, the assignee of the above-captioned 
application. 

II. RELATED APPEALS AND INTERFERENCES 

Appellants are aware of no related appeals or interferences that will directly affect or 
be directly affected by or have a bearing on the Board's decision in the instant appeal. 

III. STATUS OF CLAIMS 

Claims 1-3, 8-9, 11, and 30 are pending in the application. Claims 7 and 13-25 
were previously withdrawn. Claims 4-7, 10, and 12-29 have been cancelled. Claims 1-3, 
8-9, 1 1 , and 30 are finally rejected and are the subject of the present Appeal. The claims 
on appeal are reproduced in the attached APPENDIX. 

IV. STATUS OF AMENDMENTS 

An amendment under 37 C.F.R. §1.116 was filed on February 20, 2007, in which 
Appellant cancelled claims 7 and 13-29. In the Advisory Action dated March 1, 2007, the 
Examiner entered the amendment filed on February 20, 2007. 

V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

In an embodiment of the invention described in independent claim 1 , a curable 
composition comprises (a) at least one epoxy resin (page 1, lines 12-14), (b) at least one 
liquid reactive polymer comprising a carboxyl-terminated butadiene-acrylonitrile copolymer 
(page 1, lines 12-14; page page 10, lines 15-17), which polymer is liquid at room 
temperature (page 7, line 28; pages 8-14; page 17, lines 9-10) and (c) at least one reaction 
product of an epoxy resin and a reactive liquid polymer (page 1, lines 12-14), wherein the 
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epoxy resin of (c) comprises a diglycidyl ether of a bisphenol compound (page 14, lines 
22-24). 

In an embodiment of the invention described in independent claim 30, a curable 
composition comprises (a) at least one epoxy resin (page 1, lines 12-14), (b) at least one 
reactive liquid polymer comprising a carboxyl-terminated butadiene-acrylonitrile copolymer 
(page 1, lines 12-14; page 10, lines 15-17), and (c) at least one reaction product of an 
epoxy resin and a reactive liquid polymer (page 1, lines 12-14; page 19, lines 13-14), 
wherein the reactive liquid polymer of (b) has a Brookfield viscosity of from about 500 cps 
to about 2,500,000 cps at 25°C (page 9, lines 16-17) and the epoxy resin (c) comprises a 
diglycidyl ether of a bisphenol compound (page 14, lines 22-24). 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. The rejection of claims 1-3,8, 9, and 11 under 35 U.S.C. 112, first paragraph as 
not complying with the enablement requirement 

B. The rejection of claims 1-3, 8, 9, and 11 under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent No. 4,500,660 to Minamisawa et al. 

VII. ARGUMENT 

A. The Rejection under 35 U.S.C. § 112 Should Be Reversed 

The Examiner's Rejection : 
Claims 1-3, 8, 9, and 11 have been rejected under 35 U.S.C. §112, first paragraph, 
as not complying with the enablement requirement. The Examiner contends that that an 
epoxy resin must contain at least two epoxy groups and single functional epoxides such as 
octadecyleneoxide, epichlorohydrin, styrene oxide, vinylcyclohexene oxide, and glycidyl 
methacrylate (which are identified in the specification) do not conform to the art recognized 
definition of a resin. (Office Action, January 18, 2006, page 2.) The Examiner states that 
(i) an epoxy compound cannot form a curable composition unless more than one epoxy 
group is present to react with more than one reactive group of a curing agent to form a 
cured network, and (ii) the presence of monoepoxides by themselves cannot form a cured 
product unless present in an admixture with an epoxy resin containing more than one 
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epoxy group. (Final Office Action, December 20, 2006, page 3.) In the Advisory Action, 
the Examiner stated that the reaction of a single epoxy group cannot yield a two- or three- 
dimensional network. (Advisory Action, March 1 , 2007.) The Examiner also contends that 
the specification indicates that an epoxy resin requires more than one epoxy group. (See 
Final Office Action, December 20, 2006, page 3 (citing page 5 line 29 to page 6, line 1 of 
the specification).) 

Appellants' Response : 

Claim 1 recites a curable composition comprising (a) at least one epoxy resin, (b) at 
least one reactive liquid polymer comprising carboxyl-terminated butadiene-acrylonitrile 
copolymer, which polymer is liquid at ambient temperature, and (c) at least one reaction 
product of an epoxy resin and a reactive liquid polymer, wherein the epoxy resin of (c) 
comprises a diglycidyl ether of a bisphenol compound. 

The test for enablement is whether the disclosure, when filed, enables a person 
skilled in the art to make and use the claimed invention without undue experimentation. 
(MPEP § 2164.01.) The enablement requirement is satisfied where the specification 
discloses at least one method for making and using the claimed invention that bears a 
reasonable correlation to the scope of the claim. (MPEP § 2164.01(b).) The Examiner 
bears the initial burden to establish a reasonable basis to question the enablement 
provided for the claimed invention. (MPEP § 2164.04.) The Examiner's conclusion of 
enablement should focus on why the specification fails to teach (i) how to make and use 
the claimed invention (ii) without undue experimentation. (Id.) The Examiner must explain 
why it doubts the truth or accuracy of a disclosure and back up its assertions with 
acceptable evidence that is contrary to the contested statement. (MPEP § 2164.04.) 

Enablement is evaluated against the claimed subject matter, and the Examiner 
must consider the claim as a whole rather than analyzing its parts individually. (MPEP § 
2164.08.) A rejection based on the scope of the claim relative to the scope of enablement 
requires evaluating whether a person skilled in the art could make or use the entire scope 
of the claimed invention without undue experimentation. (Id.) When evaluating the 
enabled scope, the teachings in the specification must not be ignored because claims are 
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to be given their broadest reasonable interpretation that is consistent with the specification. 
(Id.) 

The rejection of claims 1-3, 8, 9, and 11 as not complying with the enablement 
requirement is based solely on the Examiner's interpretation or construction of the term 
"epoxy resin." The Examiner contends that the term "epoxy resin" should not encompass 
epoxides with only one epoxy group. Specifically, the Examiner contends that a 
component with a single epoxy group (i) does not conform to the art recognized definition, 
and (ii) is not capable of being converted to a thermoset. 

Appellants respectfully submit that the Examiner has not met the burden to 
establish lack of enablement. The Examiner has not provided a reasonable basis in fact 
that the claims are not enabled. In the various rejections, the Examiner contends that the 
art recognized definition for an "epoxy resin" is an epoxide with two or more epoxy groups. 
The Examiner only relies on The Handbook of Epoxy Resins to support this position. (See 
April 21 , 2006 Office Action, page 3.) 

The Examiner's evidence, however, does not demonstrate an art recognized 
definition for the term "epoxy resin." The definition of epoxy resin to which the Examiner 
refers in The Handbook of Epqxv Resins specifically states that "For the purpose of this 
book, an epoxy resin is defined as any molecule containing more than one a-epoxy 
group..." (emphasis added). 1 The qualifying statement "for the purpose of the book" 
indicates that it is not a generally accepted convention in the art that an epoxy resin would 
require at least two epoxy groups. 

Appellants have also provided evidence that is sufficient to overcome the 
Examiner's assertion that epoxy resins require at least two epoxy groups. For example, 
The Concise Encyclopedia of Chemical Technology , Kirk-Othmer, 4 th Ed. 1999, describes 
an epoxy resin as being "characterized by the presence of a three-dimensional ring known 
as the epoxy, epoxide, oxirane, or ethoxyline group" (emphasis added). 2 That is, an epoxy 
resin may be characterized by the presence of a single epoxy group. There is no stated 
requirement for more than one epoxy group. 

Additionally, Hawlev's Condensed Chemical Dictionary , Twelfth Edition, 1993, does 
not define an epoxy resin as requiring at least two epoxy groups. Hawlev's states that an 

1 See Exhibit A 

2 Exhibit B 
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"epoxy resin" is a resin that is "based on the reactivity of the epoxide group." 3 Using the 
singular term "epoxide group" indicates that two or more epoxy groups are not required for 
an epoxy resin. Nothing in the definitions for "epoxide" or "epoxy resin" requires at least 
two epoxy groups. 

The Examiner attempted to use the Hawlev's definition to rebut Appellants' 

arguments. In particular, the Examiner stated that "[t]he term epoxy resin is defined in the 

submitted Hawley's Condensed Chemical Dictionary (page 468, second column) as having 

'glycidyl ether structures' and the epoxide group structure 'in the terminal positions,' 

thereby confirming the presence of at least two epoxy groups per molecule." (Advisory 

Action, July 10, 2006, page 2.) The Examiner's argument, however, does not undermine 

Appellant's evidence. When the statements relied on by the Examiner are viewed in full 

context, they do not support the proposition that all epoxy resins require at least two epoxy 

groups. Specifically, Hawlev's states that: 

One type [of epoxy resin] is made from epichlorohydrin and bisphenol A. 
Aliphatic polyols such as glycerol may be used instead of the aromatic 
bisphenol A. Molecules of this type have glycidyl ether structures... in the 
terminal positions, have many hydroxyl groups, and cure readily with 
amines. 

(Emphasis added, structure omitted.) 

That is, the Hawlev's definition merely indicates that an example of an epoxy resin is one 
made from epichlorohydrin and bisphenol A (or aliphatic polyols), and that "molecules of 
this type," i.e., molecules of epichlorohydrin and bisphenol A (or aliphatic polyols), have 
terminal glycidyl ethers. This statement does not indicate that all epoxy resins must have 
at least two epoxy groups. 

Thus, the evidence does not demonstrate an art recognized definition for epoxy 
resin that requires two epoxy groups. As described above, the evidence actually 
demonstrates that an epoxy resin may include a single epoxy group. 

Further, the specification does not limit an epoxy resin to a compound containing 
two or more epoxy groups. The Examiner contends that the specification states that an 
epoxy resin is a compound containing more than one epoxy group capable of being 
converted to a useful thermoset or cured state by a curing agent. (See December 20, 
2006 Final Office Action, page 3 (citing page 5, line 29 to page 6, line 1).) This passage, 

3 Exhibit C 
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however, does not limit an epoxy resin to a compound containing more than one epoxy 
group. When the specification is considered as a whole, the specification indicates that an 
epoxy resin may include structures or compounds with only one epoxy group. Specifically, 
the specification states that a wide variety of commercially available epoxy resins can be 
used in the invention and then includes octadecylene oxide, epichlorohydrin, styrene 
oxides, vinylcyclohexene oxides and glycidyl methacrylate in a list of suitable examples. 
(Specification, page 6, lines 29-30 through page 7, lines 1-25.) The Examiner can not 
ignore this teaching. (MPEP § 2164.08.) Therefore, when the specification is considered 
as a whole and the claims given their broadest reasonable interpretation that is consistent 
with the specification, the specification sets out with reasonable clarity that an epoxy resin 
may include structures with one epoxy group. 

The Examiner has also failed to show that undue experimentation would be 
required to practice the invention. An enablement rejection should focus on why the 
specification fails to teach how to make and use the claimed invention without undue 
experimentation. (MPEP § 2164.04.) The Examiner argues that a monoepoxide could not 
form a network. But the Examiner fails to provide any support for this position. 

The specification teaches how to make and use the claimed invention and, 
therefore, fully enables the claimed invention. The specification describes how to make 
the curable composition. For example, the specification states that the components of the 
curable composition may be blended at ambient or slightly elevated temperatures. 
(Specification, page 17, lines 8-10.) Further, the specification teaches how to use the 
curable compositions, e.g., how to cure them. (See, e.g., specification, pages 15-17; page 
15, lines 1 1-20; page 17, lines 8-20.) Thus, the specification discloses at least one method 
of making and using the claimed invention. Further, the disclosed method(s) bears a 
reasonable correlation to the scope of the claims in that nothing limits the method(s) to 
using any particular epoxy resin. Consequently, the enablement requirement is satisfied. 
(See MPEP § 2164.01(b).) 

Moreover, the claims are directed to a curable composition. A person skilled in the 
art would recognize that curing includes changing the physical properties of a material by a 
chemical reaction and/or heat. A single epoxy group is capable of reacting with a curing 
agent, and therefore capable of being cured (or converted to a cured state). For example, 
a person skilled in the art would recognize that a compound having a single reactive group, 
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such as a monoepoxide, can form lineal and cross-linked networks if reacted in the 
presence of another chemical that has two or more sites with moieties that can react with 
the reactive group. The specification states that the curable composition may be cured 
using any known curing agent and that curing agents known to those skilled in the art 
include amines, acids, alcohols, and the like. (Page 15, lines 11-13.) Appellants submit 
that a person skilled in the art would recognize that a network could be formed by reacting 
a mono-epoxy with a difunctional or multifunctional curing agent, such as, for example, a 
diamine or multifunctional amine. 

Further, when the claim is viewed as a whole, the Examiner's arguments fail. The 
Examiner argues that "monoepoxides bv themselves cannot form a cured product unless 
present in an admixture with an epoxy resin containing more than one epoxy group." 
(Final Office Action, December 20, 2006, page 3.) Claim 1 requires a component (c) that 
is the reaction product of an epoxy resin and a reactive liquid polymer where the epoxy 
resin of (c) comprises a diglycidyl ether or a bisphenol compound. A diglycidyl ether of a 
bisphenol includes at least two epoxy groups. Therefore, the curable composition includes 
an epoxy component with two or more epoxy groups. Thus, the specification teaches how 
to make and use the invention that bears a reasonable relationship to the scope of the 
invention. There is nothing to suggest that undue experimentation would be required to 
practice the claimed invention. 

Thus, the evidence, including the specification itself, demonstrates that an epoxy 
resin as used in the claims does not require more than one epoxy group. Moreover, there 
is nothing to suggest that undue experimentation would be required to practice the 
invention. Rather, in view of the specification, a person skilled in the art would have (i) 
known the scope of the claims, and been apprised that an epoxy resin can include readily 
available compounds including monoepoxides, and (ii) been able to make or use the full 
scope of the invention without undue experimentation. Thus, in view of the above 
discussion, Appellants respectfully request that the rejection of claims 1-3, 8-9, and 11 
under 35 U.S.C. §112, first paragraph, be reversed. 
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The Rejection Under 35 U.S.C. § 103 Should Be Reversed 

The Examiner's Rejection : 
The Examiner rejected claims 1-3, 8, 9, and 11 under 35 U.S.C. § 103(a) as being 
unpatentable over Minamisawa et al. (U.S. Patent No. 4,500,660) and Japanese Patent 
No. 64- or 01-060679. The Examiner contends that it would have been obvious to 
formulate the compositions of Minamisawa and JP '679 "with the carboxy-terminated 
butadiene-acrylonitrile as a liquid at room temperature in order to facilitate blending of the 
components." (Office Action, September 1, 2006, page 4.) The Examiner also contends 
that Minamisawa discloses reacting a carboxy-terminated butadiene-acrylonitrile in liquid 
form with an epoxy resin to facilitate the reaction with the epoxy and provide a prepreg of 
good quality and that it would be obvious to provide the carboxy-terminated butadiene- 
acrylonitrile of Minamisawa and the Japanese references in liquid form. (Advisory Action, 
March 1, 2007, page 2.) 

Appellants' Response : 

At the least, in order to establish a prima facie case of obviousness, the prior art 
references must teach or suggest all the claim limitations. (MPEP §§ 2143, 2143.03.) 
Further, the Examiner must make particular findings as to a person skilled in the art would 
modify the prior art in the manner claimed. (See, In re Kotzab, 217 F.3d 1365, 1371 (Fed. 
Cir. 2000) (cited in MPEP § 2143.01 (I)).) 

Minamisawa and JP '679 fail to teach all the claim limitations. Minamisawa is 
directed to a composition that includes epoxy resins (A-C), a reaction product of a carboxy- 
terminated butadiene-acrylonitrile copolymer (D), and a nitrile rubber (E). The Examiner 
has continuously equated the nitrile rubber component (E) of Minamisawa to component 
(b) of Appellants claim. (See, e.g., Office Action, April 21 , 2006, page 3.) 

Neither Minamisawa nor JP '679 teach a curable composition employing at least 
one reactive liquid polymer comprising a carboxyl-terminated butadiene-acrylonitrile 
copolymer, which polymer is liquid at ambient temperature. The nitrile rubber component 
of Minamisawa and the Japanese references (Nipol in each case) are solids. 4 Further, 
Minamisawa only discloses that suitable nitrile rubbers have a Mooney viscosity between 



4 See Exhibit D 
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40 and 110 at 100°C. Thus, these references fail to teach or suggest using a reactive 
liquid polymer comprising a carboxyl-terminated butadiene-acrylonitrile copolymer that is 
liquid at ambient temperature, and, therefore, fail to render the claims obvious. 

The Examiner contends that Minamisawa and JP '679 do not confine their polymers 
to any phase. In particular, the Examiner contends that Minamisawa discloses that a nitrile 
rubber such as a carboxyl-modified copolymer of butadiene and acrylonitrile with a 
Mooney viscosity of 40 and 110 at 100°C is suitable but not exclusive and the JP '679 
report carboxy-terminated copolymers without any phase. 

Appellants respectfully submit that when the reference are considered as a whole, 
there is nothing in the references to suggest utilizing at least one reactive liquid polymer 
that is ambient at room temperature. First, the Mooney viscosities disclosed in 
Minamisawa are measured at 100°C, which is well above ambient temperature. Second, 
as described above, the references only disclose Nipol polymers, which are solids. Thus, 
even if the references do not explicitly confine their copolymers to a particular phase, they 
do not teach or suggest that the polymer should be a liquid at ambient temperature. To 
the contrary, Minamisawa and JP '679 teach that their compositions would have to be 
formed by blending the solid components at an elevated temperature. The fact that a 
reference could be modified does not render a claim obvious unless. (MPEP § 
2143.01(111).) 

Further, while Minamisawa may disclose that the carboxy-germinated butadiene- 
acrylonitrile may be a liquid in forming the reaction product component (D), the references 
do not disclose a composition that includes a separate reactive liquid polymer component 
(distinct from a component that is the reaction product of an epoxy and a CTBN). Again, 
the Examiner contends that Minamisawa's component (E) equates to component (b) in 
Appellants claims. The references cited by the Examiner, however, only disclose a solid 
component (Nipol rubbers) as the (E) component for Minamisawa's composition. Given 
that Minamisawa discloses using a liquid CTBN to form the reaction product component 
(D) for its composition and only discloses using solid nitrile rubbers as its component (E), 
Appellants submit that Minamisawa actually teaches away from using a separate reactive 
liquid polymer component. Rather, it is only through prohibited hindsight that a person 
skilled in the art would modify Minamisawa to arrive at the present claims. 



10 



Further, Minamisawa's disclosure of dissolving the composition in a solvent does 
not render the claims obvious. Minamisawa discloses that an already formed epoxy 
composition may be used as a prepreg, which is produced by dissolving the already 
formed composition in a solvent and impregnating reinforcing fibers with that solution. 
('660 patent, col. 6, lines 44-65.) The fact that the already formed resin may be dissolved 
does not teach or suggest that the resin composition comprises a reactive liquid polymer 
(comprising a carboxy I -terminated butadiene acrylonitrile copolymer) that is liquid at 
ambient temperature. Again, it is only through prohibited hindsight in view of Applicants' 
disclosure that a person skilled in the art would arrive at the present claims. 

Regarding claims 8 and 30, neither reference cited by the Examiner remotely 
teaches employing a reactive liquid polymer having a Brookfield viscosity of from about 
500 to about 2,500,000 cps at 25°C. The Examiner contends that it would have been 
obvious to employ the polymers disclosed in liquid form with such viscosities to facilitate 
blending. Appellants disagree with this contention. First, the references completely fail to 
teach or suggest using a copolymer having a Brookfield viscosity with the recited range. 
Second, as described above, at the most, the references only teach using polymers that 
are solid or have a particular Mooney viscosity at 100°C. Thus, there is no teaching or 
suggestion to employ a liquid polymer having a Brookfield viscosity as recited in claims 8 
and 30. The fact that a person skilled in the art could modify a reference is not sufficient to 
establish a prima facie case of obviousness. (MPEP § 2143.01(111).) Therefore, claims 8 
and 30 are not obvious in view of either Minamisawa or JP '697. 

In view of the above discussion, Appellants submit that the combination of 
Minamisawa and JP '679 do not render the claims obvious. Appellants respectively 
request that the rejection under § 103(a) be reversed. 

VIII. CONCLUSION 

For the foregoing reasons, the honorable Board is requested to reverse the 
Examiner's rejection of all of the claims pending in the application and to allow these 
claims. 

In the event any fees are due in connection with the filing of this document, the 
Commissioner is authorized to charge those fees to our Deposit Account No. 18-0988 
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under Attorney Docket No. BFGRP0313USB . In the event an extension of time is needed 
to make the filing of this paper timely and no separate petition is attached, please consider 
this a petition for the requisite extension and charge the fee to our Deposit Account No. 18- 
0988. 

In the event there are issues the Examiner would like to discuss with the Applicants' 
attorney, he is invited to contact the undersigned by phone. 




Respectfully submitted, 
RENNER, OTTO, BOJS§ELl 



Reg. No. 26,725 



1621 Euclid Avenue, 19 th Floor 
Cleveland, Ohio 44115-2191 
(216) 621-1113 



Attachments: Exhibit A, Exhibit B, Exhibit C, and Exhibit D 



12 



APPENDIX 



CLAIMS SUBJECT TO APPEAL 

1 . A curable composition comprising a) at least one epoxy resin, b) at least one 
reactive liquid polymer comprising a carboxyl-terminated butadiene-acrylonitrile copolymer, 
which polymer is liquid at ambient temperature, and c) at least one reaction product of an 
epoxy resin and a reactive liquid polymer, wherein the epoxy resin of (c) comprises a 
diglycidyl ether of a bisphenol compound. 

2. The composition of claim 1 wherein a) is a diglycidyl ether of a bisphenol 
compound. 

3. The composition of claim 1 wherein a) is a diglycidyl ether of bisphenol F. 

8. The composition of claim 1 wherein b) has a Brookfield viscosities of from 
about 500 cps to about 2,500,000 cps at 25° C. 

9. The composition of claim 1 wherein c) is a reaction product of 1) a 
dicarboxyl-terminated polymer, a dihydroxy-terminated polymer, a diepoxy-terminated 
polymer, a reaction product statistical monofunctional carboxyl-terminated polymer, a 
reaction product statistical monofunctional hydroxy-terminated polymer, a reaction product 
statistical monofunctional epoxy-terminated polymer, a blended product statistical 
monofunctional carboxyl-terminated polymer, a blended product statistical monofunctional 
hydroxy-terminated polymer, a blended product statistical monofunctional epoxy- 
terminated polymer or mixtures of two or more thereof and 2) at least one epoxy resin 
comprising a diglycidyl ether of a bisphenol compound. 

1 1 . The composition of claim 1 wherein c) is a reaction product of 1 ) at least one 
epoxy resin comprising a diglycidyl ether of a bisphenol compound and 2) a dicarboxyl- 
terminated polymer, a reaction product statistical monofunctional carboxyl-terminated 
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polymer, a blended product statistical monofunctional carboxyl-terminated polymer, or 
mixtures of two or more thereof. 

30. A curable composition comprising a) at least one epoxy resin, b) at least one 
reactive liquid polymer comprising a carboxyl-terminated butadiene-acrylonitrile copolymer, 
and c) at least one reaction product of an epoxy resin and a reactive liquid polymer, 
wherein the reactive liquid polymer of (b) has a Brookfield viscosity of from about 500 cps 
to about 2,500,000 cps at 25°C and the epoxy resin of (c) comprises a diglycidyl ether of a 
bisphenol compound. 
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APPENDIX 
EVIDENCE 

Supporting Evidence is included in attached Exhibits A-D. 
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APPENDIX 

RELATED PROCEEDINGS 

None 
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Chapter M. 

AN INTRODUCTION TO EPOXY RESINS 



DEFINITION OF EPOXY RESIN ... 

HISTORY 

BASIC CHARACTERISTICS OF EPOXY RESINS 
APPLICATIONS FOR EPOXY RESINS . 

SUMMARY 

REFERENCES 



In a broad sense, the term epoxy refers to a chemicaj^rou£ consisting of an 
oxygen atom bonded with two carbon atomTalready unftedTn some other way. 
The simplest epoxy is a three-membered ring, to which the term a-epoxy or 1,2- 
epoxy is applied. Ethylene oxide (I) is an example of this type. The terms 1,3- 
and 1,4-epoxy are applied to trimethylene oxide (II) and tetrahydrofuran (III). 



ch 2 -^ch 2 ch 2 — ch 2 -ch 2 



CH 2 — CH a 



CH 2 — CH 2 

Tetrahydrofuran 



In this book, we are concerned only with resins containing the three-membered 
rings (e.g., ethylene oxide derivatives). 

There is no universal agreement on the nomenclature of the three-membered 
epoxy ring. There is division even on the term epoxy itself— the Europeans 
generally preferring the term epoxide, which is doubtless more correct than the 
American epoxy. The epoxies may_ be designated oxides, as in the case of ethylene 
oxide (epoxyethane) of cyclc^exene oxide (T^epoxy-, or 1,2-oxidocyclohexane) 
(IV). The term oxirane, a trivial name for ethylene oxide, is also used in referring to 
the epoxy group. Several of the more common monoepoxies have trivial names, 
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such as epich.orohydrin (V), glycidic acid (VI), and glycidol (VII). Glycidyl (VIII) 
O ° 

lj> cCchch.c. cVchcooh 

IV v _ _ ■ Glycidic acid 

Cyclohexcne oxide Epichlorohydnn 

A 

VII Glycidyl group 

is used to refer to the t^ 

amine, etc., according to the nature of the group ttached to Trivial 
We prefer to follow the usage ge f^l^^^i^ The useful term 

— e the current 

usage in the United States technology. 
' DEFINITION OF EPOXY RESIN J 

mor.lh.n_on. ««MS1 "To. th rn .form Th. l.rm n 

(cured) state. 



Epoxy resins are prcparca >7, 0 7 oh dr n with a suitable di- or 

than route 1. attemot to prepare resins from epichloro- 

Schrade [21] cites the first ^."^^f ^Lever, credit for the synthes.s 
hydrin as occurring in 1927 m the Un ^*a^^i d ; ri v e d specifically from 
o? the materials first designated 1 as " ? erre Castan of Switzerland 

important in the technology. a mber-colored resin which was then 

In 1936 Dr. Castan produced a lo^mdUng, ambe d Dr Castan , 

reacted with phthalic an hydride J» e u id resins 

rnt^cS Hisdevelopntents 

explored the epichlorohydnn-b.sp^ 

resins for coatings, these resins not -^ammg caust >c ^ ^ ^ 

The epichlorohydnn-bisphenol re ins ^re the ff , ene oxide de nv- 

research by many workers <>" ^oad ront ^ fef 

Sd ^X^XXT^ the stage for the epoxy resms and 
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EPOXY RESINS 



^-administered pressor amine, including EPOXY RESINS 



usually treated with < 

isopTOtaranol (bete agonist selective) NE, E, DA, and dotratamW ] 
is also the primary treatment for anaphylactic shock. E is commonly 
included in local anesthetic solutions to promote hemostasia, and by 



Epoxy resins art character izod by the presence of a threes... 
ring snown as the epoxy, epoxide, oxirane, or cthoxylme 




the brain to reduce sympathetic outflow to the peripheral vessels and 
thus are used, but to a lesser extent, in the treatment of hypertension. 

In Parkinson'* disease, treatment with the amine precursor DQB*. 
(with the decarboxylase inhibitor cufaidopa). has been shown to ama- 




and the hydroxy! and epoxy groups (adhesive properties end 

agents) (see also Phenolic mjsms). ■- > ' 

The biaphanol A-derived epoxy resins are most frequently 



systems to aid handling, improve ease of application, and to^ 

higher filler loading to reduce formulation cost This, ' 
achieved at the expense of other properties. To achieve * 
properties, careful selection of diluent is needed. 

Spcdilty Epoxy Keslrn. In addition to teaphenol, dUSer . 
such as aliphatic glycols and novolsks are used to produce ' 
resins. Epoxy resins may alao include Compounds based c 15 
cydoalipbatk, aromatic and heterocyclic backbonee- C 
of active hydrogen-containing structures with epichloror 
epoxidatiom of olefins with peraostic acid remain the impc 
menial procedures to introducing the codrane group it 
pre cur sots of epoxy resins. 

epoxy Crtaol-NovoUk Rains (CCN). The cresol-npvolak 
resins (2) are multifunctional, solid polymers character!**! 
ionic and hydrolyzablo chlorine impurftias, high chemical reeW" 
and good tharmal parfbrrnanoe, ECN rcstofl are widely used w 
components in high performance electronic and structural 
c^nponnds, high temps 




U. B. vea Eolsr in H, Blsschse sad B. 1 

m Phvmalolcgl*. VoL 33, Sprmesr-Vvrls*. Berlin, 

UTS, 0.188. 
J. R. Cooper, r. S. Bloom, and ft. H. Beth, Ho B 

nWfljy. ObM UnWsrsity Press. New Vbrk, W9I. P. 3M. 
H.WhddcriaU.Trtndelscbtrt*lldN. 

Pharmacology, TO 80/1, fiprmear-Verlae. Berlin, 1986. p. 43. 
D. Bylund aad eo-worlcsn. Pharrwsoloxiad Km. 4a, 131 U994). 



Owing to reUtjvely low viscosity, these rosins offer at 
100* solids (solvent***) systems. Higher filler levels 
because of the low viscosity. Faster bubble reisase it J*" 0 
Higher epoxy oonteni and functionality of biaphenol F 
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Trtozine-e*sed Resin. Trtglyddyi isocyanurate is a solid resin that 
proridei superior thermal, electrical, and mechanical properties and 



f _^^ t8 d by the general idealised rtrurture ($) whereby multifiine- 

^^Zj^oda are formed cont ainin g a phenolic hydroxy! group per is synthesized by gfrririylfltirm of qy 
pjgjjl line in- random para-para', ortho-para', and ortho -ortho' 



^aSqoent epoxidation with epkhlorohydrin yield* tha highly 1 "* B1 W 
jaoctfoaal epooy norolek. The product can range Iran a high viscosity tpkhlocvhydrin and Bophenot A-Dcrived Reims. Liquid epoxy 
itnuklofn.- 0.2 to a solid of /lvalue greater than 3. numa may be synthesized by a two-step reaction of an excess of 

epiehlorohydrin to hisphanol A in tha presence ofanalksliiie catalyst. 
The reaction consists initially in the formation of the dkhlnrohydrin 
by dehydmhaloganaiion of the in- 



ytars, production of liquid resins of higher purity, 
accomplished. This is in n 



ia, higher monomer content and fewer aide-re actions, has 
ISO to more stringent product qi 



tha thermal stability of 




electrical and mechanical propartiee of Hsphenol A-epoxy systems. It weight of the product is governed by tha ratio of spichtorehydrfn- 
uujedin molding compounds and adhesives. biapbanol A In practice, the tafly process i» generally employed for 

Crdo*I>ph*tlc Cpoxy Resim. Tbie lamily of aliphatic low viscosity ordym - " " - " 

. nytesins oonaiata of two principal varieties, cydoolefins epoxidized 
^peracetioaddand " " " ' ' " * " 




efboth 

epaxy and hydroiyl curing sites. The curing agents or hardeners are 
catafozized as either catalytic or careactive end the functional gnrap* 
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was sooa followed by a petroleum-derived prod- 



have the properties or a resin. The first synthetic 

ler was polychioroprene (1931), origi- 

iy Meuwland anf ' 



natedby 
Since the_ .. _ . 
inert have been , 
sophisticated of which are nylon and its conge- 
ners (polyamidcs, by Carothers) and the inor- 
ganic silicone group (Kipping). Other important 
types are alkyds, acrylics, amlnoplasts, polyvi- 
nyl halides. polyester, eposes, and polyolefins. 

In addition to their many applications in plas- 
tics, textiles and paints, special types of synthetic 
"slot are useful as ion-exchange media. 
: "Cumar." See also plastic, paint, fiber, film, 
UK 

Note: 



mil*. See C-stage resin. 
redtoL See B-stage resin. 
"Resmclal" [Borden]. TM for a rtSin-metal 



gano-soluble. hydrocarbon-based products de- 
rived from trees and shrubs. But "m view of the 
tendency of inappropriate terminology to "gel" 
irreversibly, it is a losing battle lo attempt to re- 
place "synthetic resin" with the more precise 
"synthetic polymer " 



. at will prevent the fixation of 

dye on a fiber, thus making color designs and 
partem prints possible. The resist may act me- 
chanically, as a wax. resin, or gel which t " 

absorption of the dye. or its a 



conducting metal po« 
glass binders and temporary organic c 
Can be applied lo glass or ceramic surfaces by 
sleocffiog. Spraying, bnishrag, or dipping; firing 
range 704-76OC Compositions can be blended 
with members or the same series to produce in- 
termediate resistance values. Fired resistors have 



good reproducibility, k 
age coefficients, and sts 




metal-like solid, Recommended ft. __ 
rag, patcrang, fanning, and general repair of 
metal surfaces and objects. 



See resolving power. 
The 



solving power. The extent to wrocti a tens can 
distinguish small particles and minute distances. 
i.e., fine structure. The human eye can resolve 



objects or l/250th inch (100 microns) in any di- 
mension. The compound microscope has a re- 
solving power or 0.5 micron; an electron micro- 
scope can resolve fine strncture as small as JA 
units, La., In the molecular range. Two factors 
determine resolving power; the wavelength of 
the radiation utilized and the focal depth of the 
lens. The resolving power: of a microscope is 



nify, for 
add detail to 
oerned by the lens 



(1) In chemistry, resonance (or mo- 
lt) is a mathematical concept based on 

, i mechanical considerations fj-e., the 

ware functions or electrons); it is used to th; 
scribe or express the tr 



represented by any one valence-bond structure. 
It was originally applied to aromatic compounds 
jucb as benzene, for which that art many possi- 
ble approximate structures, none of which is 
completely satisfactory. 

incept indicates that the actual 



"Resist oi" ISCM\. TM for stabilized grades of 



which xr I? -%>>*• air bo Itopresem.Tluterm 
"resorumce hybrid" denotes a indeed t*t«lis» 
the property. Such molecules do not vibrate 



an actual molecule that cannot be accurately pic- 
tured by any graphic device, 
(gintbete 1 * 



oftlieirjcklemraoUatitm 
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RESIN. SYNTHETIC 



stored. An- 
335, ha* been 
ium; here the 



at require use 
mote-control 
ie radioactive 
problem that 
ed. There are 
S Operational 
il in Europe. 



nent of rosin 
,0* Anal- 



OCHg 

CH 3 




of cpoxy curing agents, 
resides! oa. A liquid or aemlliquid product re- 



friedon tape, sealants, heating oil for large 
buildings, factoriei, etc. 
See alio fuel oil. 

e of 94 octane can I 



when converted to its final state for use, be- 
comu solid (ASTM), e-g.. Unseed oil. raw or 
heat-bodied (partially polymerized). 
See also drying oil; retinoid. 

resin, natural. (1) Vegetable-derived, amorphous 
mixture of carboxylic adds, essential oils, and 
terpenes occurring as exudations on the bark of 
many varieties or trees and shrubs. They ore 
combustible, electrically nonconductfve, hard 
and glassy with conchoid*! fracture when cold, 
and soft and sticky below the glass transition 
point. Most are soluble in alcohols, ethers and 
carbon disulfide, and insoluble in water. The 
best known of these are rosin and balsam, ob- 
tained from coniferous trees; these have a high 
acid content. Of more remote origin are such 



process, thus increasing the yield of gasoline drac. and 
from a barrel of cruda by 33% *bea fulheale * v « "«{ 



TM for mdaurine 

and ureaformaJdehyde resins. Supplied in or- 
ganic liquid solutions. The melamine is also 
available in water-alcohol solution and soluble 
spray-dry powders. 
Use: Faint, v "" 




though diminishing in favor or synthetic prod- 
ucts. (2) Miscellaneous types. Shellac, obtained 
from the secretion or an Indian insect, is still in 
general use as a transparent coating. Amber is a 
hard, polymerized resin that occurs as a fossil. 
Ester gum is a modified rosin. Amorphous sul- 
fur is considered an inorganic natural resin. Liq- 
uid resins, sometimes called retinoids, are repre- 
sented by linseed and similar drying oils. 
See also nun, natural (note); resin, synthetic 



reslnoid. Any thermosetting synthetic resin, ei- 
ther in its initial temporarily fusible state or its 
final infusible state (ASTM). Heat-bodied lin- 
seed ofl. partially condensed phenol-formalde- 
hyde and the like, are also considered retinoids. 



Properties: Light color, tap 11S-12JC d 1.05. 
mineral oil cloud point 130-150C. 
Use: To impart alkali. 



resin, systolic. A man-made high polymer re- 
suiting from a chemical reaction between two 
(or more) substances, usually with heat or a cat- 
alyst. This definition includes synthetic rubbers 
and silicones (elastomers), but excludes modi- 
fied, water-soluble polymers (often called res- 
ins). A distinction should be made between a 
synthetic resin and a plastic, the former it the 
polymer itself, whereas the latter is the polymer 
plus such additives as filters, colorant, ptasticiz- 



ssdevrtooed^by 
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oxide. 

•2O/20C). bp 



e which offers 
rtures than the 
i,andareespc- 



■gtyolefins Old- 
have more ep- 
de as well « in 
ired with anhy- 
iratures. Many 

can be wed to 



part type which 
mponent liquid 



pressure vessels; noor surfacing and wall panels; 



welli (to soli* 
sttined-flass 



> EQUIVALENT ELECTRON S 

a constant concentration Of reactants; far exam- 
ple, ammonia synthesis is at equilibrium when 
ammonia molecules form and decompose* at 
equal velocities (Nj + 3Hj ~ 2NHj). 

(2) Physical equilibrium is exhibited when two 
or more phases of a sy 



zero. An example it 



s net change ia the system is 
the bquid-to-vapor-vapor- 



EPR, Abbieruulon for ethylene propylene n 
ber, also for electron paramagnetic resonance 



ties: white, crystalur* 



adds are nitrated and reduced, jiving 1-naph- 
myhmlne-3,*- and *,^cyiulfonic adds. Separa- 
tion is effected by crystallizing oat (be add so- 
dium salts of l-nsphthyUAke-a.g^lfonk 



A number that relates the 
starting materials and prod- 
ts of a reversible chemical reaction to one an- 
other. For example, for a chemical reaction rep- 
resented by the equation flAB + bCD «* cAD + 
dBC the equilibrium constant would be K = 
[(AD)e (BQd )/((AB)<r (CD)6 J Where a. b. c, 
and rfare Uic numbers of motecnlts of AB, CD, 
AD, and BC that occur in the balanced equation 
and CAD), (HQ, (AB), and (CD) are the molecu- 
lar concentrations of AD. BC, AB, and CD in 
any mixture that is at equilibrium. At any one 
temperature, Kb. usually at least approximately 
constant, regardless of the relative quantities of 
the several substances, so that whdf K h known 
it is often possible to predict the concemrations 
of the products when those of the starting, m 



"&tecN«.I" WuPonH TM for zinc dimethyl- 
dniuocarbamate, an ultra accelerator for rub- 
ber. 

"Eptam" {StnufffrV TM for a selective herbi- 
cide com 



with I 



tempm 
ted from 



.erature. The constant cm i 



known, or by measuring all concentrations ii 



Qddi-N.f^propyhhiocarfcairwjle). 
-4. C^jScfccH^. 
nuc Uquid and granular formula- 
User A pre-euiergeocc herbidde. 
eq. Abbreviation for gram equivalent weight, 



Proprietary name for 

Use: Sedative. 

equation of slate. The mathematical formula 



(1) A simplified boiling-point dj _ 
for a liquid mixture the ccanporidon or the 
vapor in equilibrium whh the liquid. (2) A chart 
showing the relation between a solution and the 
solidsthatmaybeciystauaialfromit(3)Adia- 
gram showing the limits of corn potation and 
temperature in which the various phases or con- 
stituents of an alloy are stable. 

eqaipartkioa, fcrw ef. Every particle, heavy ox 
light, gaseous or liquid, and indepsodcru of it* 
Chemical nature or form, always possesses the 



m in which a reaction and bt opposite or re- eitiesbut 
rsereaction occur at the samenrre. resulting in orbital rac 



ial rangy, The energ y existing at a 
potential throughout a system. 

equiralentdectrosu. Electrons of equal ari- 

'inn numbers and pr incipal qaan- 

They have idcntir al orbital Pi 
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second crystal. This behavior Is characteristic of 
some types of high polymers. 

EPN. (c-ethy^o.iwiitrophenylplienylphoiphor- 
othioate). CAS: 2104-64-5. 

1 .5978 (30C)itaJoluble in water, soluble la most 
organic solvents, decompose* in alkaline solu- 

GrateWeoabk powders andjbiiu. _ ^ 
Hazard: A chollncsterase inhibitor, absorbed by 
skin, use may be restricted. TLV: 0.S mg/m 5 of 

Use": Cotton insect pest control, acariddc. 

"Epolene" ITttUitaa Eastman}. TM for a se- 
ries of low-mokcular-weight polyethylene res- 
ins. Available in both emulslfiablo and non- 
emulsi liable types. 

"Eponoi"Resue>. TM for high-molecular- 
weight linear copolymers of buphenol A and 
eplchlorohydrin; produce outstanding surface 
coatings by solvent evaporation alone. 

"Epoa" Rauu ISlrifl- TM for a series of con- 
densation products of f^iddurotrvdiin and 
blsphenol-A baring "~" ■■"-»• ™ 



ings, adheslves, and structural plastics. 

"Epotuf" IRaeMatd]- TM for epoxy r 
euoxy riardenen, and qpoxy esters used as 



1,2-epaxybalane. See l,2*utylene oxide. 
DUMcarbonMrfle. 



3> 0(c£h»>CN. 
Properties: Lie 



1.0929 (20/20Q. bp 



etmxyenaiw. See ethylene oxide. 



C^jCHobtCjHjJCHjOH. 
Properties: Liquid, d 0.9517 (20/200, bp (de- 
composes), fp -65C, slightly soluble in water. 
Combustible. 



Coml 

Haiard: Skin irritant. 
Use: Stabilizer, intermediate. 



tpoiTHoroUk.. Epoxy resin made by the reac- 
tion or «ucldorohyc«n with a novolafc mln 
(phenol-formaldehyde; see novolak). These 
have a repeating epoxide structure which offers 
better resistance to high temperatures than the 
tpichkjrohydiin-biiphCJlol A type, and are espe- 
cially useful as adhestves. 

2,3-fpoxy-l-propaooL Seeglycidol. 




reactivity or the epoxide group. One typsb 
made bom epidilorobydrin and bispneoot A. 
Aliphatic nolyols such as glycerol may be used 
instead or the aromatic btsphenol A. Molecules 
of thistypehaveglyeidyl ether structures, 

-O^CHOCH,, In the terminal POsWow, have 
many hydroxy! groups, and cure readily with 

Another type is made from 



active croup resulting from Utc anion of an oxy- 

S D atom with two other atoms (usually carbon) 
>t are joined in some other way Si indicated: 

=cA» 

This group, commonly called "epoxy." charac- 
terizes tbe epoxy resins. EpfcMoroliydrUt and 



_„ re more ep- 

within the molecule as wen as in 
terminal poiitions, and can be cured with anhy- 
drides, but require high temperatures. Many 
metrications of both types are madetxxnmer- 
d bisphenob can be used to 



rt also being used m certain types 



See also epoxy novobik. 

Tbe reactive epories ft 

polymer network and axe characteraen oy 
toughness, good adheskw, corTOsive<hemicnl 

— — and good dielectric properties 

e the two-part type which 



••[WUco]. 

•TEaroybond" | ^rlasL TM for an epoxy adhe- 
sive putty in I"" • * 



type ror taament wind 
for mjection moldmg 

Hazard: Strong skin Wtnnt in uncurad I sum. 
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Safety Data Sheet 91/155/EEC (gb) 






NBR-NIpol-Standard-Standard 




2? 


Zeon Chemicals Euro 


pe Ltd. GB- Sully, CF64 6YU 






Revised: 12.09.2002 . ■ 








Nipol 1O0OX as 


Nipol 1032 


Nipol 1052-30 


Nipol 33-5 SR 


Nipol 1000X 132 


Nipol 1032-43 


Nipol 1053 


Nipol 35-3 


Nipol 1001CG 


Nipol 1034-60 


Nipol 1092-80 


Nipol 40-5 


Nipol 1001LG 


Nipol 1041 


Nipol 1094-BO 


Nipol HR 662 


Nipol 1002 


Nipol 1042 


Nipol 30-5 


Nipol HR 765 


Nipol 1014 


Nipol 1042X 82 


Nipol 33-3 




Nipol 1022 


Nipol 1043 


Nipol 33-5 HM 




Nipol 1022X 59 


Nipol 1051 


Nipol 334 HM 




Nipol 1031 


Nipol 1052 


Nipol 35-5 





n 6B- Sully, CF846YU 
Phcn«! +44-1446-725400 



Pax: +44-1448-747 0BB 

an«rgency phono: +44-1448-725 400 



AcrylcnimVButadtene Polymer 



9003-1W -100 




Advleo to doctor 

Traati 



Water spray jet Dry powder. Foam. 



i dry place. Protect 
to be monitored 




Environmental precautions 
ChSRMbun D.G.SchrSdar TaL [0049) 0941-S66-39B. 
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Safety Data Sheet 91/155/EEC (gb) 

NBR-Nipol-Standard -Standard 

Zeon Chemicals Europe Ltd. GB- Sully. CF64 5YU 



Revised; 12,09.2002 




'67/548(2001/53) 
M999M6 (2001/60) 
•81/889(2001/118) 
•89/342 

* ADR (23.07.01) 
•IMDG-CodepJO-AmdL) 

* IATA-DCR (2002) 



ChemiebQro O.G.Seftrta* T* (0049)0941-566-388, Fox. (OM9) 0941 -966-994 w*w.ehamii*iuBra.dBr irtfg@chemiebuero.de 
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